Abstract. The use of a thermal buttocks manikin 1 was explored as a tool to standardize the evaluation of seat comfort. Thermal manikin buttocks were developed and calibrated thermally and anatomically to simulate the sensible heat transfer of a seated person and used to evaluate interface pressure distribution. In essence, the pressure maps of manikin buttocks with and without heating were compared to those of a seated person. The results of average pressure demonstrated that the thermal manikins have a better response in interface pressure measurement than manikins without heating.
Introduction
Over the past 40 years, passenger comfort has been well studied in different means of transportation [11] . Considering that passengers are seated most of the time on a flight, the passenger seat has an important role to play in meeting the passenger's comfort expectations [14] . According to de Looze et al. (2003) , the interface pressure distribution between an occupant and a seat appears as the objective measure with the clearest association with the subjective evaluation of seat comfort. Several studies in the literature suggest that the poor distribution of interface pressure between seat and occupant can lead to discomfort in the sitting posture [3, 7, [8] [9] [10] . This is because a high surface pressure can compress the blood vessels in tissues, restricting circulation and causing discomfort. Usually, seat evaluations using pressure mapping techniques are performed by subjects with different anthropometric characteristics.
However, previous studies show that one alternative approach to assess seat comfort is to use manikins representing the human anatomy. Standardized test methods for assessing the characteristics of seat cushions typically use buttocks models to achieve the necessary inter laboratory repeatability [5, 8, 12] .
Pipkin and Sprigle (2008) used two buttocks models made of different materials to analyze seven wheelchair cushions and four pressure mats according to their influence on the pressure magnitude, envelopment and immersion. One model was rigid and made of wood and the other was made of thermoplastic with embedded rigid cylinders to represent the ischial tuberosities. They concluded that the pressure mat attempted to take the shape of the indenter, but some folding or bending occurred. When the gel model was used, the pressure magnitude was not significantly different from the no-mat condition. On the other hand, pressure magnitude dropped significantly when the rigid model was used.
Besides the material and geometry of the manikin, some studies also consider the influence the bodysupport surface microclimate [5, 6] . According to Fanger (1972) , the temperature of the human body core is approximately 37°C and skin temperature is 34.1°C under conditions of thermal neutrality in se-dentary activity without action by the thermoregulatory system. When the boundary conditions of the body tend to move out of the adequate temperature range, it increases the occupant thermal discomfort feeling of such ambient. For non-homogeneous ambient evaluation, where different body parts experience different thermal conditions such as cars and aircraft interiors, the equivalent temperature is defined as the uniform temperature of an imaginary ambient with air velocity equals to zero, in which people exchange the same amount of sensible heat by radiation and convection as in the real ambient, evaluated for each body part [1] .
Considering the influence of the seat on the occupant comfort for non-homogeneous ambient, Zhang et al (2007) showed that the control of the heat flow and temperature of the seats may improve the acceptability of the thermal ambient. Although anatomically shaped systems have been developed for measuring the heat and water vapor dissipation, Gonçalves (2010) verified that thermal manikins could be useful in interface pressure measurement. His research investigated the heat transfer characteristics at the interface between seat and subject using a thermal manikin and verified that the interface pressure directly depends on the local heat flow. Furthermore, it was verified that the changes on the heat flow caused by passenger metabolism modifications are inversely proportional to the seat global thermal resistance and that modifications on the seat pressure distribution due to the weight increase or decrease are directly proportional to the seat global thermal resistance, i.e., the lower the weight of the passenger, the lower the seat global thermal resistance.
The present study explored the use of thermal manikin buttocks as a tool to standardize the evaluation of seat comfort. A manikin was developed and calibrated thermally and anatomically to simulate the sensible heat transfer of a seated person and used to evaluate interface pressure distribution. In essence, the pressure maps of manikin buttocks with and without heating were compared to those of a seated person.
Method

Apparatus
The focus of the present study was the interface pressure between the occupant and the seat bottom cushion, represented only by the occupant's buttocks and thighs. The thermal manikin buttocks were designed by Gonçalves (2010) to simulate the seat occupant thermally and ergonomically, respectively defined by heat flow and surface temperature, and pressure distribution between the passenger and the seat.
An economy class aircraft seat was selected as a reference for the experiments. The thermal manikin buttocks were molded from a male subject 95% percentile on this aircraft passenger seat by means of thermo-plastic material. Figure 1 illustrates the male subject during the modeling process and the final shape of the thermal manikin buttocks. The occupant's body temperature was simulated using electrical heaters installed on the surface of the buttock model. The estimated maximum power dissipated by the person to the seat is 120 W / m², so this value was used for the heaters sizing.
The experiments were conducted on a seat equipped with a pressure mat on the bottom cushion (model X3 PX100: 50.8cm x 81.28cm 40.64.02 -Xsensor). In order to simulate the interface pressure distribution of the occupant and the seat, lead weights were placed on the base of the thermal buttock manikin, according to Figure 2 . Figure 2 . Pressure distribution measurement: subject and thermal manikin buttocks
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Experimental protocol
The first part of the experiment evaluated the buttock manikin with heating. The thermal buttock model with the heating system turned on was positioned on the seat and remained in the same position for 3 hours. The duration of the experiment was chosen considering the maximum period of use of the pressure mapping equipment according to the manufacturer. After that, the apparatus was dismantled in order to lighten the load on the seat foam. Only the next day was the second part of the experiment carried out: the test was repeated without turning the heating system on.
The pressure map of the male subject 95% percentile was also recorded. Unfortunately, it was not possible to maintain the subject for 3 hours in the same position. Therefore, the subject was requested to stay for 10 minutes seated without moving, as can be seen in Figure 2. 
Results
To verify the influence of the thermal manikin buttocks heating in the interface pressure, the values of average pressure and the contact area were considered. Table 1 shows the average values for pressure and contact area. The peak pressure values were not used due to the lack of stability already demonstrated in other studies in the literature [12, 13] 
Average pressure
Comparing the average pressure per time of the first 10 minutes of the experiment for thermal manikin buttocks turned on and off, it was possible to notice that they follow the same trend as the experiment conducted with the male subject (see Figure 3) . The values of average pressure with the manikin using the heating system turned on were closer to the results of the experiments performed by the subject. The average values of pressure were 12% higher in the experiment using heating than without heating.
From the data collected, the average pressure of male subject experiment was 21% higher than the experiment using thermal manikin buttocks with heating system turned on. 
Contact area
The values of contact area during the first 10 minutes of the experiments showed that the curve of thermal manikin without heating system turned on followed the same trend as the male subject curve, as can be seen in Figure 4 . On the other hand, the curve of the thermal manikin with heating on showed instability. On average, the values of the contact area for the male subject were 10% higher than the values of the thermal manikin without heating system turned on. Figure 5 illustrates the average pressure maps for male subject, manikin with and without heating system turned on. Observing the interface contour, it is possible to distinguish the difference caused by the heating system. The regions with higher load became even more loaded. 
Pressure maps
Discussion
The objective of this study was to investigate the use of thermal manikin in evaluations of seat comfort, comparing the results of experiments using this manikin with heating and without heating. The results showed that thermal manikin buttocks are suitable for thermal simulation of a seated person and that it can be used to estimate interface pressure distribution. Although, improvements could be implemented in the manikin in order to better represent the human body contour and weight distribution.
The results of average pressure demonstrated that the thermal manikins have a better response in interface pressure measurement than manikins without heating. This difference can be explained by the physiological aspects of the buttock region, such as blood pressure in the capillaries and arteries and their influence in interface pressure.
From the data collected with the calibrated thermal manikin, it was concluded that the calculated uncertainty for the evaluations performed with the thermal manikin is 21% as compared to the interface pressure for the male subject. The contour of the pressure maps shows that there is room to improve the loading mechanism of the manikin in order to obtain a more realistic pressure distribution. In fact, this thermal manikin was developed to assess thermal comfort and here it was used to evaluate interface pressure, explaining the low fidelity to the human body contour. As a suggestion for future studies, thermal manikins with more flexible materials, similar to the human body composition, could be developed .
One of the advantages of using thermal manikins is to standardize the evaluation of seat comfort without the need of using the same subjects in all the experiments. It also permits to compare the results of interface pressure distribution of different seats without depending on real subjects. The methodology used is adequate for optimization of the seats design because it can improve the repeatability and reproducibility of experiments and also reduce cost and time of developing a new seat.
On the other hand, experiments using a manikin have some limitations. The manikin is a model based on an unique percentile and it does not represent the anthropometric characteristics of the entire user population. Besides, the experiments are usually static evaluations that do not take into account the variety of activities that can be performed in a seat.
In conclusion, the use of manikins in seating comfort evaluations does not replace the subjective analysis, but rather complements it.
